Abstract. An environmentally friendly and clean procedure gives octahydroquinazolinones/thiones by a simple Biginelli condensation of urea/thiourea, aromatic aldehydes, and cyclic 1,3-diones in the presence of indium(III) trifluoromethanesulfonate (In(OTf) 3 ) in solventless conditions. This method has advantages such as avoidance of the organic solvents, high yield of pure products without any by-product, short reaction times and operational simplicity.(doi: 10.5562/cca2087)
INTRODUCTION
Recently, pressure from environmentalists has led to a search for more environmentally friendly forms of catalysis. 1, 2 A wide variety of Lewis acids have been used for organic transformations. 3 Most of the classical reagents of this class, such as AlCl 3 , BF 3 /BF 3 . Et 2 O, FeCl 3 , FeCl 2 , TiCl 4 , and ZnCl 2 , are extremely sensitive to moisture and are difficult to handle. Besides, they are often used in stoichiometric quantities for the reactions. In the last two decades, multicomponent reactions (MCRs) have drawn special attention due to the advent of high-throughput screening techniques that enabled rapid identification of potential new medicines among large collections of organic compounds. 4, 5 Moreover; the chemistry of quinazolin system has received an increasing interest because of its biological significance. They are a class of drugs which function as hypnotic/sedatives. For example, the Afloqualone, Cloroqualone, and Diproqualone ( Figure 1 ) have also been used in the treatment of cancer. 6 The most general method for the preparation of octahydroquinazolinones/thiones involves the one-pot Biginelli condensation reaction of cyclic 1,3-dione, aromatic aldehydes and urea/thiourea in the presence of a Lewis or mineral acids. Although, synthesis of octahydroquinazolinones/thiones via the Biginelli reaction using several reagents have been previously reported, [7] [8] [9] [10] [11] [12] [13] [14] some of the procedures have disadvantages such as, long reaction time, use of strongly acidic condition or organic solvents, unsatisfactory product yield, and also side products. Due to its low toxicity, ease of han- dling, and high activity, the In(III) triflate has emerged as a useful catalyst in many organic synthesis, including, highly chemo and regioselective head-to-tail heterodimerization of vinylarenes, 15 chemoselective conversion of aldehydes to acylals, 16 synthesis of 2,4-disubstituted quinolines, 17 reaction of sugars, 18 and Friedel-Crafts sulfonylation of arenas. 19 To the best of our knowledge no work has been reported in the literature on the use of In(III) triflate for the Biginelli condensation. Therefore, an investigation was carried out in order to explore its catalytic application in the Biginelli condensation and the results are reported herein.
RESULTS AND DISCUSSION
In connection with our previous programs on synthesis of organic compounds, [20] [21] [22] [23] in this work, we wish to report a simple and convenient synthesis of octahydroquinazolinones/thiones 4 by reaction of aromatic aldehyde 1, urea/thiourea 2, and cyclic 1,3-dione 3, in the presence of catalytic amount of In(OTf) 3 under solvent-free conditions (Scheme 1). The yield of products was good to excellent without the formation of octahydoxanthenes 5, which is the major product of the procedure reported by the literature. 24 The need to implement green chemistry principles (e.g. safer solvents, less hazardous chemical synthesis, atom economy, and catalysis) is a driving force towards the avoidance of organic solvents and use of environmentally friendly, and reusable catalysts. A solvent-free or solid state reaction obviously reduce pollution, and bring down handling costs due to simplification of experimental procedure, work up technique and saving in labour. However, interest in the environmental control of chemical processes has increased remarkably during three decades ago as a response to public concern about the use of hazardous chemicals. Therefore, to improve the effectiveness of this method in preventing chemical waste, it is important to investigate optimal reaction conditions.
To find the simple and suitable conditions for the preparation of 4 using In(OTf) 3 as a powerful Lewis acid catalyst, the treatment of benzaldehyde, dimedone, and urea was chosen as a model reaction. At first, we found that in the absence of In(OTf) 3 , the reaction did not proceed even at a high temperature after long reaction time. After examining the various amounts of In(OTf) 3 and a wide range of temperatures (Table 1) , we found that this reaction can be efficiently carried out by adding 5 mol% of the catalyst at 100 °C under solventfree conditions in a short time span of 45 min. The use of excessive amounts of the catalyst does not increase the product yield or reaction rate.
The scope of this MCR was examined using a variety of aromatic aldehydes. It was found that both, electron rich and electron poor aldehydes reacted well in this process to afford the corresponding products 4 in Scheme 1. Three-component condensation of arylaldehydes, cyclic 1,3-dione, and urea/thiourea using In(OTf) 3 . Table 2 .
The suggested mechanism for the formation of 4 using In(OTf) 3 is shown in Scheme 2. Activation of the carbonyl groups by Lewis acid leads to Knoevenagel condensation between -diketon and aldehyde. After that, 1,4-addition of nucleophile (urea/thiourea) to the -unsaturated ketone followed by intramolecular cyclization and dehydration generates the target molecule 4.
In view of eco-friendly procedure, the recovery and reuse of this catalyst is quite preferable. Indium(III) trifluoromethanesulfonate was easily separated from the reaction mixture by filtering, followed by drying at room temperature. The catalyst was reused three times for synthesis of 4a without significant loose of activity.
EXPERIMENTAL SECTION

General
All chemicals were purchased from Merck, Fluka and Aldrich. The reactions were monitored by TLC (silicagel 60 F 254 , hexane/EtOAc). IR spectra were recorded on a FT-IR JASCO-680 and the NMR spectra were obtained on a Bruker-Instrument DPX-400 MHz Avance 2 model. The varioEl CHNS Isfahan Industrial University was used for elemental analysis. The melting point of all synthesized compounds was compared with those reported in literature and they are in agreement.
General Procedure for the Preparation of Octahydroquinazolinones/thiones
A mixture of urea/thiourea (1.2 mmol), aldehyde (1 mmol), cyclic 1,3-dione (1 mmol), and In(OTf) 3 (5 mol%) was stirred and heated at 100 °C in a preheated oil bath for an appropriate time (Table 1) . After completion of the reaction as indicated by TLC, the reaction mixture was cooled to room temperature and THF (10 mL) was added. Then the resulting mixture was stirred for 3 min. The catalyst was separated by filtration. The solvent was removed by distillation, then washed with cold water and recrystallized from methanol to afford the pure product. 
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CONCLUSION
In this study, a rapid and modified method for the one-pot reaction of aldehydes, cyclic 1,3-dione and urea/thiourea by employing the In(OTf) 3 as a commercially available catalyst under solvent-free conditions has been described. This simple catalytic system is remarkably tolerant to a variety of functional groups on the arylaldehyde and offers significant advantages such as, low catalyst loading, high yields, reducing the use of organic solvents, short reaction times and operational simplicity. Therefore, in employing a small amount of safe, inexpensive, and powerful catalyst under solvent-free conditions, this protocol is economic and eco-friendly.
Supplementary Materials. -Supporting informations to the paper are enclosed to the electronic version of the article. These data can be found on the website of Croatica Chemica Acta (http://public.carnet.hr/ccacaa).
